is an RNA-processing protein which has an important role in regulating gene expression. The association of the PABPC4 rs4660293 single nucleotide polymorphism (SNP) and serum lipid profiles has, to the best of our knowledge, not previously been studied in the Chinese population. The present study aimed to investigate the association between the PABPC4 rs4660293 SNP and several environmental factors with serum lipid levels in the Mulao and Han populations. A total of 727 individuals of Mulao nationality and 729 individuals of Han nationality were randomly selected from stratified randomized samples from a previous study by our group. Genotypes of the PABPC4 rs4660293 SNP were determined via polymerase chain reaction and restriction fragment length polymorphism analyses and subsequently confirmed by direct sequencing. Serum levels of low-density lipoprotein cholesterol (LDL-C) and apolipoprotein (Apo) B were higher in the Mulao group than those in the Han group (P<0.01 for each). The genotypic and allelic frequencies of the PABPC4 rs4660293 SNP were significantly different between males and females in the Mulao population (P<0.05 for each), while no significant difference was detected between those of males and females amongst the Han population. The frequency of the G allele was higher in Mulao males than in Mulao females (22.12 vs. 13.44%). The G allele carriers were found to have higher total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and ApoAI levels in Han females but not in Han males, and lower TC and HDL-C levels in Mulao females but not in Mulao males than those of the G allele non-carriers (P<0.05 for all). These associations were confirmed by multiple linear regression analysis (P<0.05-0.001). Serum lipid parameters were also correlated with multiple environmental factors (P<0.05-0.001). The PABPC4 rs4660293 SNP was associated with serum TC, HDL-C, LDL-C and ApoAI levels in these study populations; however, the association varied between the Mulao and Han populations. A gender-specific association was identified in the populations of the two ethnic groups.
Introduction
Coronary heart disease (CHD) remains the leading cause of morbidity and mortality amongst males and females in western society and is of increasing concern in developing countries, despite significant advances in elucidating its underlying pathophysiology (1) (2) (3) (4) (5) . It was estimated that there were 7.4 million mortalities worldwide from ischemic heart disease in 2012, which accounted for 13.2% of total mortality (6) . Furthermore, it has been predicted that CHD will remain the leading cause of mortality until at least 2020 (7) . There are numerous CHD risk factors, of which metabolic abnormalities in blood lipids, in particular low-density lipoprotein cholesterol (LDL-C) elevation and high-density lipoprotein cholesterol (HDL-C) depression, are mainly involved in the development and progression of CHD (8) and therefore represent a crucial target for effective therapeutic intervention (9, 10) . In epidemiological studies, genetics interacting with environmental factors, including diet, nutritional status and physiological parameters, have been shown to exert a significant effect on the dysregulation of lipid metabolism (11) (12) (13) (14) .
Studies to elucidate the genetic contributions underlying variations in plasma lipid and lipoprotein levels have continued for several decades (15) . Since 2007, genome-wide association studies (GWAS) have implicated numerous common genetic variants in multiple loci and genes as influences in the determination of lipid and lipoprotein levels (16) . Recently, a comprehensive meta-analysis of the GWAS performed a close linkage analysis between the PABPC4 rs4660293 locus and plasma HDL-C concentrations (17) . A further meta-analysis suggested that the PABPC4 rs4660293 single nucleotide polymorphism (SNP) was correlated with C-reactive protein (CRP) levels (18) , high levels of which are associated with increased risk of CHD mortality (19) . Furthermore, Middelberg et al (20) reported that the PABPC4 influenced plasma HDL between adolescents and adults. Poly(A) binding protein cytoplasmic 4 (inducible form; PABPC4) is expressed in numerous cell types and is a homolog of cytoplasmic poly(A) binding protein (PABPC), which predominantly mediates the effect of the poly(A) tail on translation (21, 22) . In addition to regulating translation initiation, PABPC controls the rate of mRNA deadenylation and is involved in mRNA decay (22) . Teslovich et al (17) hypothesized that the SNP of rs4660293 was associated with HDL amongst populations of European ancestry. However, how the genetic associations described will apply to populations of diverse ancestry, particularly amongst Chinese people remains elusive.
There are 56 ethnic groups in China, of which the Han nationality is the largest group. The Mulao nationality is one of the 55 Chinese minorities, with a population of 207,352 according to the fifth national census statistics of China in 2000 (23). Ninety percent of the Mulao population reside in Luocheng Mulao Autonomous County, Guangxi Zhuang Autonomous region, China, where their history dates back to the Jin Dynasty (AD265-420) (24) . A previous study indicated that the genetic association between individuals in the Mulao population and other minorities in Guangxi was markedly closer than that between the Mulao and Han or Uighur nationalities (25) . The Mulao nationality has become a valuable subgroup for use in population genetic studies. However, to the best of our knowledge, there have been no previous studies performed to evaluate the association between the PABPC4 rs4660293 SNP and serum lipid levels in this population. Therefore, the present study aimed to investigate the association between the PABPC4 rs4660293 SNP and serum lipid levels amongst the Guangxi Mulao and Han populations.
Materials and methods
Study subjects. In the present study, 727 unrelated subjects of Mulao and 729 unrelated participants of Han Chinese heritage randomly selected from stratified randomized samples from a previous study by our group (26) . All subjects were rural agricultural workers residing in Luocheng Mulao Autonomous County, Guangxi Zhuang Autonomous Region, China. The Mulao subjects comprised 329 (45.25%) males and 398 (54.75%) females, with a mean age of 52.92±15.24 years. The participants of Han nationality comprised 324 (44.44%) males and 405 (55.56%) females, with a mean age of 52.42±15.19 years. The total age range of subjects was 16-92 years. Subjects with diseases associated with atherosclerosis, CHD, diabetes or those who were using lipid-lowering medication (including statins, fibrates, beta-blockers, diuretics or hormones) were excluded from the study prior to blood sampling. The study design was approved by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University, Nanning, China. Informed consent was obtained from all subjects prior to their inclusion in the study.
Epidemiological survey. An epidemiological survey was performed according to internationally standardized methods, following a common protocol (27) . Information regarding demographic, socioeconomic status and lifestyle factors was collected via standardized questionnaires (27) . The intake of alcohol was quantified as the number of liangs (~50 g) of rice wine, corn wine, rum, beer or liquor consumed during the preceding 12 months. Alcohol consumption was categorized into groups of ≤25 or >25 g alcohol per day. Smoking status was categorized into groups of ≤20 or >20 cigarettes per day. In the physical examination, several parameters, including height, weight and waist circumference, were measured. Sitting blood pressure was measured three times with a mercury sphygmomanometer following 5 min of rest and the average measurement was recorded. Systolic blood pressure was determined by the first Korotkoff sound and diastolic blood pressure by the fifth Korotkoff sound. Body weight, to the nearest 50 g, was measured using a portable balance scale. Subjects were weighed wearing minimal clothing with their shoes off. Height was measured, to the nearest 0.5 cm, using a stadiometer. Body mass index (BMI; kg/m 2 ) was calculated using height and weight measurements.
Biochemical measurements. Blood samples were obtained from subjects in a fasting state. Biochemical parameters, including total cholesterol (TC), triglyceride (TG), HDL-C and LDL-C, were measured using enzymatic methods with commercially available kits (Tcho-1 and TG-LH kits; Randox Laboratories Ltd., Crumlin, UK; Cholestest N HDL and Cholestest LDL; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). Serum apolipoprotein (Apo) AI and ApoB concentrations were quantified by the immunoturbidimetric immunoassay using a commercial kit (APO CAL; cat. no. LP3023; Randox Laboratories, Ltd) (25) . Fasting blood glucose was determined with a glucose meter (Accu-Chek; F. Hoffman-La Roche AG, Basel, Switzerland).
DNA amplification and genotyping. Genomic DNA was isolated from peripheral blood leukocytes using the phenol-chloroform method (26) . The extracted DNA was stored at 4˚C prior to analysis. Genotyping of the PABPC4 rs4660293 SNP was performed by polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) analyses. PCR amplification was performed using the following primers: Forward, 5'-CTCTGGGACCCTCTTCTT-3' and reverse, 5'-CGTTTCACTTCGCTTTCT-3' (Sangon Biotech Co., Ltd, Shanghai, China). Each amplification reaction was performed in a total volume of 25 µl, containing 2 µl genomic DNA, 1 µl of each primer (10 pmol/l), 12.5 µl 2x Taq PCR Mastermix (comprising 20 mM Tris-HCl, pH 8.3, 100 mM KCl, 3 mM MgCl 2 , 0.1 U Taq polymerase/µl, 500 µM of each deoxyribonucleotide; Sangon Biotech Co., Ltd) and 8.5 µl double-distilled H 2 O (DNase/RNase-free). Processing began at 95˚C for 5 min, followed by 45 sec of denaturing at 94˚C, 45 sec of annealing at 52˚C and 1 min of extension at 72˚C for 30 cycles. The amplification was completed by a final extension at 72˚C for 7 min. Subsequently, 10 U TaqI enzyme was added directly to the PCR products (10 µl) and digested at 65˚C overnight. Following restriction enzyme digestion of the amplified DNA, genotypes were identified by electrophoresis on 2% ethidium bromide-stained agarose gels and visualized using ultraviolet illumination (Universal Hood II; Bio-Rad Laboratories, Inc., Hercules, CA, USA). Genotypes were subsequently scored by an experienced reader blinded to the epidemiological and lipid results, as follows: Genotype AA=1, genotype AG=2, genotype GG=3. Statistical analyses. Statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Qualitative variables are expressed as raw counts and percentages. Quantitative variables are presented as the mean ± standard deviation, except serum TG levels, which are presented as medians and interquartile ranges. General characteristics between the Mulao and Han populations were compared by Student's unpaired t-test. Genotypic and allelic frequencies were calculated by direct counting and the standard goodness-of-fit test was used to investigate departures from the Hardy-Weinberg equilibrium. Differences in genotype distribution and gender ratio between the populations were determined by χ 2 analysis. Analysis of covariance was used to evaluate the association between specific genotypes and serum lipid parameters. Factors that may influence serum lipid concentrations, including gender, age, BMI, blood pressure, 
Results
General characteristics and serum lipid levels. The comparison between general characteristics and serum lipid levels amongst the Mulao and Han populations are summarized in Table I . BMI, diastolic blood pressure and the ratio of ApoAI to ApoB were lower in the Mulao population than those in the Han population (P<0.05-0.01), whereas height, LDL-C and ApoB levels were higher in the Mulao population than those in the Han population (P<0.05-0.001). There were no significant differences in waist circumference, systolic blood pressure, pulse pressure, glucose, serum TC, TG, HDL-C, ApoAI, age distribution, gender ratio, the percentage of smokers or alcohol consumption between the two ethnic groups (P>0.05 for all).
Results of electrophoresis and genotyping. Genomic DNA collected from the sample populations was amplified by PCR and imaged by 2.0% agarose gel electrophoresis. The 381 bp nucleotide sequence gene of interest was detected in all samples (Fig. 1) . The genotypes identified were named according to the presence or absence of enzyme restriction sites, with an A to G SNP at rs4660293. The presence of the cutting site indicated the G allele, while its absence indicated the A allele, which could not be cut. Therefore, the AA genotype was homozygous for the absence of the site (band at 381 bp), the AG genotype was heterozygous for the absence and presence of the site (bands at 381, 226 and 155 bp) and the GG genotype was homozygous for the presence of the site (bands at 226 and 155 bp; Fig. 2) .
Results of sequencing.
The results were separated into AA, AG and GG genotypes of the rs4660293 SNP by PCR-RFLP and the genotypes were further confirmed by sequencing (Fig. 3 ).
Genotypic and allelic frequencies. The genotypic and allelic distributions of the rs4660293 SNP are outlined in Table II . There was no significant difference in genotypic or allelic frequencies between the Mulao and Han populations. Differences in the genotypic and allelic frequencies were detected between Mulao males and females (P<0.05), but not between Han males and females. The frequency of the minor G allele in the Mulao population was higher in males (22.12%) than in females (13.44%, P=0.017).
Genotypes and serum lipid levels. As depicted in Table III , the levels of LDL-C in the Han population varied between the AA and AG/GG genotypes (P<0.05). Following adjustments for age, gender, BMI, blood pressure, cigarette smoking and alcohol consumption, the G allele carriers were found to have higher LDL-C levels than the G allele non-carriers. Serum lipid parameters were analyzed according to gender and it was revealed that female, but not male G allele carriers in the Han population had higher TC, HDL-C and ApoAI levels, than G allele non-carriers (P<0.05 for each). Female, but not male G allele carriers in the Mulao population had lower TC and HDL-C levels than the G allele non-carriers (P<0.05 for each).
Risk factors for serum lipid parameters. As described in Table IV , multiple linear regression analyses indicated that the levels of TC, HDL-C, ApoAI and ApoB in the Han population, but not the Mulao population, were correlated with the genotype (P<0.05). When the regression analysis was performed according to gender, it was revealed that the levels of TC, HDL-C and ApoAI in the Han population and TC and HDL-C in the Mulao population were associated with genotypes in females but not in males of the respective population (P<0.05-0.001). Serum lipid parameters were also found to correlate with lifestyle factors, including gender, age, BMI, waist circumference, glucose, alcohol consumption, cigarette smoking and blood pressure amongst the two ethnic groups (P<0.05-0.001; Tables V and VI).
Discussion
Disorders of lipid metabolism are associated with atherosclerotic cardiovascular disease. It has been demonstrated that lipid concentration is modulated by gene-lifestyle interactions (12) (13) (14) . Numerous studies have indicated that ~40-60% of variation in serum lipid profiles was genetically (11) , and that LDL-C, HDL-C and TG concentrations were influenced by the genetic constitution of a particular individual (13) . The prevalence of dyslipidemia continues to increase worldwide, causing significant personal health problems as well as imposing a substantial economic burden on societies. Therefore, further study is required in order to increase the understanding of the risk factors underlying dyslipidemia in certain populations. At present, the association between the PABPC4 rs4660293 polymorphism and serum lipid levels remains to be elucidated. The genotypic and allelic frequencies of rs4660293 SNP in PABPC4 in diverse racial/ethnic groups are not well understood. The frequency of the G allele was revealed to be 23% amongst Europeans (17) and 25% amongst Australians (20) . In the present study, it was demonstrated that there was no significant difference in the G allele frequency of the PABPC4 rs4660293 SNP between the Mulao and Han populations examined (11.62 vs. 12.69%). Subgroup analyses revealed that there were no significant differences in genotypic and allelic frequencies between Han males or females, but that (20) reported that the PABPC4 rs4660293 SNP was correlated with HDL-C in adults but not in adolescents. The results of the present study indicated that in the Han population, G allele carriers were associated with higher LDL-C levels and higher TC, HDL-C and ApoAI levels in females but not in males, than those of the G allele non-carriers. Of note, the Mulao female, but not male, G allele carriers had lower TC and HDL-C levels than those of the G allele non-carriers. These findings suggested that the association of PABPC4 rs4660293 SNP and serum lipid levels varied between the Mulao and Han nationalities, and that there was a gender-specific association in the two ethnic groups. Amongst individuals of the Mulao population, certain customs must be considered. The majority of the Mulao population resides in the Guangxi Zhuang Autonomous Region, China, which is characterized by an agricultural economy. The inhabitants of the region tend to share similar lifestyles, as well as eating habits, prefering to eat cold foods accompanied by acidic and spicy dishes, local bean soy sauce, pickled vegetables and animal offal, which contains a high proportion of saturated fatty acid (29) . There is additionally a strict intra-ethnic marriage culture in Mulao society, where engagements are arranged by the family in childhood, with the female frequently being ~4-5 years older than the male. Furthermore, there is a tradition for marriage to an individual's mother's brother's daughter (30) . Due to the conservative and isolated nature of the Mulao minority, the genetic background and certain lipid-associated genetic variants in this population were hypothesized to differ from those in the Han population (25) . The above evidence may partly explain the discrepancies of the PABPC4 polymorphism and serum lipid levels observed between the Han and Mulao populations. Furthermore, environmental factors were positively correlated with serum lipid levels (11, (31) (32) (33) . In the present study, it was demonstrated that serum lipid parameters were associated with age, gender, alcohol consumption, cigarette smoking, BMI and blood pressure in the two ethnic groups. These results suggested that such environmental factors have a key role in determining the serum lipid levels in these study populations.
There are several potential limitations to the results obtained in the present study. The sample size may be not have been large enough to be representative of the populations as a whole. Despite the association between PABPC4 rs4660293 SNP and serum lipid levels identified in the present study, numerous unmeasured genetic and environmental factors remain. Furthermore, gene-gene, gene-environment, and environment-environment interactions were not evaluated in the present study. Further studies comprising larger sample sizes and paying particular attention to gene-gene and gene-environment interactions, are required in order to confirm the results of the present study.
In conclusion, the present study demonstrated that the PABPC4 rs4660293 SNP was associated with serum TC, HDL-C, LDL-C and ApoAI levels in the Mulao and Han populations, but that the genotypic and allelic frequencies of PABPC4 rs4660293 SNP and the association of this SNP and serum lipid parameters varied between the two populations. A gender-specific association was also observed in the two ethnic groups. Ideal biomarkers may provide diagnostic information on patients at risk for dyslipidemic disease and/or prognostic information on patients with established dyslipidemic disease, they may also serve as predictors of efficacy for therapeutic interventions.
